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INTRODUCTION. 
Hofmeister (i)  and his pupils were the first to conduct extensive 
studies on the precipitation of proteins by salts.  Since that time, the 
precipitation of proteins or, more particularly in this case, of gelatin 
has been the object of much study (2).  However the fact that under 
certain conditions proteins may .be salted out  into two  liquid layers 
seems to have been noted only by Pauli and Rona (3), Spiro (4), and 
Hardy (2).  Pauli and Rona, while studying the effect of salts on the 
setting and melting points of gelatin solutions, found that if a gelatin 
solution was precipitated at 30°C. by the addition of a neutral salt and 
allowed to  stand  some hours  at  the  same temperature, two  liquid 
layers are formed, the upper containing but little gelatin, the lower 
being rich in gelatin and correspondingly more viscous.  Spiro  ob- 
served that both casein and gelatin  precipitated by  sodium sulfate 
formed liquid layers if allowed to stand in a warm thermostat.  Hardy 
found that by increasing the  temperature  from 20  ° to 30°C.  it was 
possible to have two liquid layers in  equilibrium with each other in 
the  system  edestin,  salt,  and water.  Analysis showed each of the 
layers contained all three constituents.  Spiro further found that the 
analysis of the lower liquid layer closely  agreed with that  of  the 
freshly precipitated protein.  He points  out the similarity between 
this phenomenon and the Salting  out of  alcohol.  In neither case is 
the phenomenon one of precipitation since "owing to the appropriation 
of water by the salt" separation into two liquid phases occurs.  Each 
phase contains all the constituents and any alteration in the concen- 
tration of any one of the three constituents leads to a readjustment of 
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the composition and relative amounts of the two phases.  Since with 
alcohol the effect of the electrolyte is not attributable to a  specific 
action of the constituent ions, Spiro points out that such influence of 
the latter in the salting out of proteins must be regarded as subsidiary. 
This conception would explain the divergent results obtained in the 
salting out of proteins with neutral salts when the conditions are not 
maintained constant. 
One source of confusion in the literature dealing with the precipita- 
tion of proteins is that there are really two distinct types of precipita- 
tion and many writers attempt to  correlate data which depend on 
basically different phenomena.  The one type is rightlytermedcoagu- 
lation or precipitation for it resembles the precipitation of suspensoid- 
hydrosols in that the colloid particles carry an electric charge due to 
the partial dissociation of their stabilising agent.  With this type the 
precipitating agent is always decomposed or reacts with the stabilising 
agent.  For it to occur, the proteins must be partially  ionized,  and 
precipitation is usually brought about by electrolytes of which only 
small amounts are necessary.  The other type is best designated as 
salting out, for Spiro showed that it is analogous to the salting out of 
alcohol.  Here  the  agent  is  not  decomposed, the  protein  may  be 
ionized or not and really large amounts of electrolyte are necessary. 
Hardy  (2)  and  Scaffidi (2)  applied the phase rule to the systems 
serum globulin, salts, water; Galeotti (2) has applied it to the systems 
egg albumin, copper sulfate, water; serum albumin, copper sulfate, 
water;  serum albumin,  silver  nitrate,  water;  egg  albumin,  sodium 
sulfate, water.  Since each may consist of two immiscible components, 
protein and salt, which are partially miscible in a  third component, 
water,  they have  been  compared with the  system succinic nitrile, 
sodium chloride, water studied by Schreinemakers (5). 
Robertson (6) points out that Galeotti finds that solid CuSO,. 5H~O, 
solid protein, and water can coexist, the water being saturated with 
CuSO,-51-120 and also containing dissolved protein, as is shown by the 
fact that  dilution of the fluid phase causes further precipitation of 
protein.  From this he argued that protein in solution was not to be 
regarded as a separate phase for otherwise he would have to postulate 
four  coexistent  phases.  With  regard  to  this  point  :YfcBain  and 
Burnett  (7) have formulated the statement that for purposes of the JAM~S  W.  McBAIN  AND  :FREDERICK  KELLOGG 
phase rule, a  solution of a  reversible colloid, no matter how compli- 
cated in itself, behaves towards external equilibria as a single phase. 
Proteins are not the only colloids which can be salted out, for other 
substances in the  colloidal state  exhibit the same phenomena.  In 
fact it is upon this that commercial soap manufacture depends and 
these phenomena have been far more extensively studied in the case 
of  soaps than  for  any other  class  of substance.  The  results here 
detailed for gelatin bear a  close resemblance to the behaviour of the 
corresponding solutions of soap as established by the comprehensive 
work 'of McBain and his collaborators (7). 
EXPERIMENTAL. 
Materials. 
The salts used were for the most part Kahlbaum's best.  Most of the 
work was done with Eastman  ash-free  gelatin, though best photo- 
graphic gelatin (obtained from Dr. Slater Price, Director of the British 
Photographic Research  Association),  Coignet's silver  label  gelatin, 
and  Coignet's gold label  gelatin  were  also  used.  Analysis  of the 
gelatins for water and ash showed: 
Gelatin 
Photographic ................................................ 
Coignet's gold label ......................................... 
Eastman ash-free (used mostly) ............................... 
"  "  "  (sample used in last few experiments) .......... 
Water 
#er cen~ 
18.8 
15.4 
II.3 
11.2 
Ash 
0.88 
1.36 
0.08 
0.12 
The conductivity of Eastman ash-free gelatin was approximately 
10 -~ mhos in 10 per cent solution indicated that the gelatin contained 
but very little electrolyte.  The effect of any such salt present was 
negligible for the purpose of this investigation inasmuch as such large 
quantities of salt are afterwards added. 
Hydrogen ion determinations were made with an electrode designed 
according to Considine (8).  Considerable difficulty was met with in 
determining hydrogen ion, especially in 20 and 30 per cent solutions 
of gelatin, but results apparently accurate to 0.1 pH could be obtained 
by replatinizing the electrode after each determination. 4  SALTI2~G OUT  OP  GELATIN 
Solutions of gelatin containing a  given percentage of dry gelatin 
per 100 gin. of solution were made up as follows.  The required amount 
of gelatin, cut in small pieces, was placed in a beaker with a few crys- 
tals of thymol (to prevent mould), covered with the requisite amount 
of water, and allowed to stand at least 3 hours.  The swollen gelatin 
was placed in an oven and allowed to stand at 35°C. for at least 12 
hours.  To 100 gin. portions of the resulting solution in 130 cc.glass 
stoppered bottles varying mounts of salts  in the solid form were 
added.  The solution was frequently shaken and kept in the oven at 
35°C. till the salt dissolved.  Then the desired amount of acid was 
added  and  the  solution  allowed  to  settle  out  overnight  into  two 
layers.  The  following day the  layers  were  thoroughly mixed and 
separation again allowed to take place.  This is found necessary for, 
especially in critical regions, a  labile lower layer may be set up on 
first  addition of acid which later,  on  stirring well,  redissolves.  A 
similar effect  has  been  noted by  HOber  (2).  That  is,  less  salt  is 
required at first for production of two liquid layers.  This change with 
time is characteristic of other properties of gelatin, especially osmotic 
pressure and viscosity.  It is possible that the same influences, pos- 
sibly a change in the amount of aggregation (9),  play the same r61e 
here.  Moeller  (2)  thought  the  change  in  amount  of precipitated 
gelatin was due to hydrolysis which would naturally be greater the 
more the  acidity.  At  any rate  to  obtain reproducible results, the 
effect of time must be allowed for.  Another property which changes 
with time is the acidity which has been found to decrease gradually 
on standing.  This alone might well account for decreased separa- 
bility with time since with all the salts employed an increase in hydro 
gen ion results in an increase in the gelatin salted out. 
After  settling has  again  occurred the layers  were  separated  and 
analyzed.  The  upper  layer  was  partially  decanted  and  complete 
removal facilitated  by  cooling the  system down to  0°C.  in  an  ice 
bath,  whereupon the lower layer gels and the upper layer may be 
drained off.  It is found that this cooling down does not appreciably 
affect  the  equilibrium  already  established,  for  owing  to  the  high 
viscosity of  the  lower layer  changes take  place  very  slowly.  (In 
fact a  stable lower layer at 60°C. which will dissolve on shaking at 
50°C. may be preserved several days without apparent Mteration at 3AMES  W.  McBAIN  AND  :FREDERICK  KELLOGG 
room temperature.  This is a  familiar phenomenon in viscous solu- 
tions of soap.)  The lower layer was then weighed and both layers 
analyzed for hydrogen ion for loss at 110  °, for loss on gentle ignition, 
and for residue.  Since the amount of acid added is known, and the 
amount of free acid is known from the pH value, the amount of sorbed 
or combined acid may be calculated.  The free acid is given off at 
110  ° and the combined acid on ignition.  Hence the loss at 110  ° may 
be corrected to give gelatin content.  The residue is sodium chloride. 
Qualitative experiments showed that the phenomenon of separation 
into two liquid layers was a perfectly reversible one which obeyed the 
phase rule in that a change in temperature, or any of the four com- 
ponents, gelatin, water, salt, or hydrogen ion, resulted in a change in 
composition  and  amount  of  the  two  layers.  The  lower  layer  is 
always  darker  in  color  (unbleached  gelatin  was  used)  and  more 
viscous than the upper layer.  The lower layer also contained less 
salt and water and more gelatin than did the upper.  Depending upon 
the  conditions the lower layer varied from a  clear  solution to the 
dense, opaque, plastic layer which developed when the gelatin in the 
lower layer was about 30  per cent.  Complete separation of upper 
layer from the viscous lower layer is ordinarily difficult. 
On warming up a clear lower layer under the microscope, the first 
change observed is a clouding of the field with the immediate appear- 
ance of many fine indefinite discontinuities.  These increase slightly 
in size and then begin to branch out and intertwine with  each other 
in an indefinite network. (A slight tendency toward spiral formation 
is noted.)  This network increases in fineness and complexity so that 
the system seems almost granular.  Then on cooling down, the first 
change is the vague formation of a "dried mud flat" appearance which 
later  becomes more  pronounced.  The  cracks  are  clear  while  the 
spaces which they surround exhibit the  above mentioned network. 
On further cooling the cracks widen and the system is composed of 
droplets in which the network is gradually diminishing.  The drops 
decrease slightly in size and suddenly disappear at a definite tempera- 
ture.  On heating and cooling again the same changes are observed, 
If before the droplets entirely vanish, the system is heated again, the 
drops do not change in size but the same changes as noted above go 
on both inside and outside the drops until finally their outlines become SALTING  OUT  OF  GELATIN 
TABLE  I. 
Amounts  of Salt,  or  of Salt  and  the  Acid  with  Common  Ion,  Added  to  100  Gin.  of 
Gelatin  Solution,  Showing  Whether  or Not  Separation  into  Two  Liquid  Layers 
Occurs,  and  If  So  the Ratio  of  Volume  of  Upper  to Lower  Layer. 
Gelatin 
9.0 silver label 
I0.0 gold label 
10.0  "  " 
10.0  "  " 
10.0  "  " 
I0.0  "  " 
10.0  "  " 
10.0  "  " 
17.6 photographic 
18.1  ash-free 
10.0 gold label 
10.0  "  " 
10.0  "  " 
10.0  "  " 
10.0  "  " 
10.0  "  " 
10.0  "  " 
10.0  "  " 
10.0  "  " 
10.0  "  " 
10.0  "  " 
10.0  "  " 
10.0  "  " 
1.0  "  " 
20.0  "  " 
Salt 
Homogeneous 
Salt  Acid 
KC1  20.0 
(NIh),SO~  10.0 
"  10.0 
K2SO4  10.0  0.2 cc.* 
Na~S04  9.0 
"  9.0 
"  9.0 
"  9.0 
"  9.0  0.2  " 
"  9.6  0.6  " 
KNOa  30.0  11 drops* 
"  30.0  11  "* 
NaNO3  30.0  5  " * 
"  30.0  5  "* 
NaC1  26.0 
"  10.0 
"  31,0 
"  19.0  5.0 cc. 
"  20.0  4.0  " 
"  15.0  6.5  " 
"  10.5  10.0  " 
"  11.0  7.5  " 
"  12.0  20.0  " 
"  27.0 
"  20.0  7,5  " 
Two liquid layers 
Salt  Acid 
gM. 
27.0 
10.0 
18.0 
I0.0 
9.5 
12.0 
13.0 
10.0 
9.6 
35.0 
35.0 
30.0 
30.0 
27.0 
10.0 
31.0 
20.0 
20.0 
15.0 
15.0 
11.0 
12.0 
20.0 
20.0 
7 drops* 
No separation 
0,4 ee. 
1.0  " 
11 drops* 
24  "  * 
11  "  * 
24  "  * 
6.0  ~g  * 
2.0 cc, 
5.0  " 
7.5  " 
7.0  " 
10.0  " 
8.5  " 
10.0  " 
1.0  " 
15.0  " 
Ratio 
0.87 
1.2 
0.6 
1.7 
2.0 
4.1 
4.0 
3.0 
3.5 
2.8 
3.3 
5.5 
3.1 
20.0 
5.0 
5.0 
3.9 
53.0 
0.52 
* Drops  of  concentrated acid, in all other cases  a  1.0 ~  solution of  acid  was 
used. 
indistinguishable. 
formation  of  any 
isotropic.* 
At  the  concentrations  studied  there  is  never  any 
anisotropic  phase  and  both  layers  are  always 
* An observation that could not be repeated was that when 50 cc. of a  10 per 
cent ash-free gelatin solution, to which 10 ce. of N HC1  was  added,  was allowed to 
evaporate slowly at 35  ° to about 30 cc., distinct crystals separated out. JAMES  W.  MCBAIN  AND  FREDERICK  KELLOGG 
Sodium chloride, potassium chloride,  sodium sulfate,  ammonium 
sulfate,  sodium nitrate,  and potassium nitrate  were  all  capable  of 
salting out each of the gelatins employed, but the amounts and acidity 
required for this varied according to the characteristics of the gelatin. 
A high ash content in the gelatin seemed to be required for separation 
with sodium chloride, because on adding this salt, without acid, to 
1.1 per cent solution of gelatin free from ash, no separation could be 
obtained at 35 °  , even when the solution was saturated with sodium 
chloride (24 per cent).  However, the solution was quite cloudy and 
on increase of temperature separation did occur.  The gelatins con- 
taining  ash  probably  contain  sulfates which assist  the  separation. 
Salting out with potassium sulfate was found impossible, probably 
owing to its limited solubility. 
Table I  gives the composition of various mixtures showing which 
remained homogeneous, and which separated into two liquid layers. 
It is apparent that the order of strength of anions is SO4 >  CI>NOs, 
which is in accord with the Hofmeister or lyophilic series SO~ >  C1 > 
C~HsO~ >  NO8 >  Br >  I  >  SCN. 
Many  workers  (Moeller,  Fenn,  Loeb  and  Loeb,  Michaelis  and 
Davidsohn,  Pauli,  and  Posternak  (2),  Lewith,  Bancroft,  Bogue, 
Morner, Mines, Procter (10))  have noted that an acid solution aids 
the salting out of many proteins.  However only a  few (Chick and 
Martin, Hardy, Mellanby, and SSrensen and HSyrup (2)) have recog- 
nized that the hydrogen ion also constitutes a component, thus making 
a quaternary system composed  of hydrogen ion, water, sodium chloride, 
and gelatin.  The salts as well as the acid added change the pH (11), 
and since the relations between salt, acid, and gelatin are probably 
complex, the only satisfactory method of determining pH would be 
electrometrically.  Unfortunately with most of the experiments car- 
ried out the pH was not closely enough determined to give an accurate 
picture of the distribution of the hydrogen ion between the upper and 
lower layers, as they do  not  differ markedly in pH.  It was noted 
however that usually the more completely the gelatin was separated 
the greater was the hydrogen ion concentration of the upper layer as 
compared with the lower one.  Also the presence of much salt seemed 
to diminish the hydrogen ion concentration of the upper layer relative 
to that of the lower.  It apparently is possible to have either a system TABLE  II. 
Analyses of Systems. 
Composition o£  Composition  of upper layer*  Composition of lower  layer* 
Total  system* 
HCl in 
system 
NaCl  Gelati  NaCl  Gelatin  pH  of  Weightlayer  NaCI  Gelatin  pH  Weight  of layer 
gin.  par cenl  per c¢~  par ¢¢nl  par ce~S  gin.  per cen~  par cen~  gin. 
0.000  23.4  11.0  No separation.  The  solu-  On  warming  separation 
tion is  saturated  with  occurs 
NaC1 
0.051  20.8  7.5  Separation  about  to occur 
0.077  18.5  8.1  No separation 
0.077  19.9  9.9  Separation  about  to  occur 
0.077t[  20.0  8.0  19.9 
0.077t  20.1  7.9  20.5 
0.077 
0.077  20.7  9.0 
0.077  21.5  9.2 
0.077 
0.077 
0.077  23.3  7.2 
0.077  23.3  7.3 
0.11  20.6  7.5 
20.5 
20.8 
21.7 
22.7 
23.2 
24.4 
24.5 
21,5 
6.7 
6.9 
7.2 
8.6 
9.0 
4.8 
4.3 
3.2 
3.4 
4.0 
4.1 
4.1 
4.1 
4.2 
4.3 
4.0 
3.2 
116.3 
113.6 
117.6 
124.0 
112.2 
100.4 
99.4 
102.5 
102.7 
102.8 
17.7  17.4 
i 
17.6  ]19.2 
19.2  18.8 
19.4  20,6 
19.4  20.8 
17.3  20.5 
4.1 
4.0 
3.8 
4.2 
4.3 
3.8 
0.145  15.8  8.2  No separation 
0.145  16.3  7.9  No separation 
0.18  15.8  8.2  16.2 
0.18  15.8  8.2  15.9 
0.18  16.7  8.3  17.3 
0.18  18.5  8.1  19.8 
0.18  20.5  6.9  21.9 
0.18  21.9 
0.18  21,3  7.2  23.6 
0.22t  13.1  8.7  13.2 
16.3  7.9  17.2 
0.23  13.1  7.2  13.3 
6.1  3.0  100.2 
7.5  3.5  118.5 
5.2  3.5  101.1 
2.7  93.7 
1.2  3.3  102.4 
0.4  3.25  106.6 
0.77  103.7 
7.9  3.3  106.2 
4.0  2.9  95.8 
3.5  2.9  92.5 
0.23 
0.27 
0.27 
0.27 
0.29 
0.29 
0.31 
0.35 
13.2  8.3  Separation  about to occur 
15.8  8.0  17.25  [ 1.5  3.2  [  94.6 
16.1  8.2  17.5  I 1.6  3.0  I  94.2 
20.2  7.4  22.1  0.64  3.2  102.0 
10.6  7.9  Separation about to occur 
10.7  8.9  11.1  6.1  2.9  86.3 
9.9  9.0  10.1  7.7  2.5  92.7 
13.2  8.3  14.0  4.6  2.0  94.5 
13.5  18.9 
13.7  19.5 
13.0  24.5 
14.7  24.5 
14.9  28.5 
16.0  27.4 
11.0  19,4 
13.2  22.1 
10.1  21.7 
11.3  27.5 
11.4  28.9 
t3.6  30.9 
9.4  17.2 
8.9  '15.5 
9.7  !26.4 
3.5 
3.3 
3.3 
3.1 
2.9 
3.15 
2.9 
3.1 
3.0 
2.7 
2.0 
8.7 
12.4 
8.5 
5.0 
13.3 
27.5 
30.7 
30.0 
30.1 
26.9 
19.8 
7.3 
18.4 
30.3 
26.8 
24.8 
31.8 
7.9 
26.4 
22.3 
31.1 
29.7 
29.5 
26.0 
18.6 
18.9 
* Water  constitutes  the  remainder  of  the  system  and  may  be  calculated  if 
desired by subtraction. 
t  If the system  had  been  stirred,  the  analyzed  layers  would  have  mixed 
homogeneously. 
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TABLE II--Concl~ded. 
Total 
HCI in 
system 
Composition  of 
system* 
NaCl 
Composition  of upper layer* 
Gelatin 
gin.  ~ ~r cen~  per cent 
0.37  8.4  8.4 
0.37t  8.9  8.9 
0.37  9.4  8.9 
0.37  9.8  9.2 
0.37  10.6  7.9 
0.37  13.5  7.9 
0.37  16.7  8.4 
0.55  8.4  8.4 
0.55  9.4  8.9 
0.55  16.4  8.2 
0.77  10.4  8.6 
0.77  12.5  8.9 
0.77  16.2  8.1 
0.77  20.6  8.0 
0,037  17.0  0.87 
0.037  21.7  0.85 
0.55  13.1  17.4 
0.55  16.3  16.3 
Weight  NaC1  Gelatin  pH  of layer 
per cent  per cent  gin, 
No separation 
9.1  7.3  2.0  [  88.2 
No separation 
10.1  6.6  86.8 
11.2  4.3  2.0  90.6 
14.1  5.0  1.4  96.9 
18.5  0.59  1.3  90.5 
No separation 
No separation 
18.1  [0.68  0.9193.1 
No separation 
13.1 
17.7 
22.2~ ; 
17.1 
21.8 
15.4 
20.1 
6.5 
1.'5 
1.4 
0.29 
0.12 
5.25 
1.16 
103.5 
97.0 
107.7 
2.1  115.6 
2.0  122.4 
38.5 
41.9 
Composition  of lower layer* 
NaCI  Gelatin  pH 
i per cent  per cent 
9.7  15.4  2.0 
8.3  18.3 
8.3  22.0 
9.5  28.3  1.35 
11.3  32.2  1.6 
10.9  32.6  1.1 
9.3  25.9 
10.4  33,5 
12.2  38,2 
11.5  28.9 
11.6  40.0 
11.55  23.25 
14.3  24.4 
Weight 
of layer 
gm. 
24.4 
25.0 
23.0 
13.8 
29.7 
28.7 
15.2 
26.8 
23.5 
2.4 
2.3 
78.8 
80.4 
in which the lower layer has a greater concentration of hydrogen ion 
than the upper, or in which the two layers are the same, or in which 
the upper layer has the greater concentration of hydrogen ion. 
The effect of temperature on the separation of proteins  by salts 
has been found to be quite complicated (cf.  Chick and Martin,  Fenn, 
Galeotti,  Guerrini,  Sca/fdi,  Hardy,  Hofmeister,  and  Spiro  (2)) 
and  Lewith  (10).  As  Fenn  points  out,  there  is  much  confusion 
and the data in the literature are conflicting, some writers finding for a 
given protein a  positive temperature coefficient, others a  negative 
one, and still others a negligible one.  This is what would be expected 
from  an  inspection of our phase  rule  diagram  depending on what 
fraction was chosen for comparison.  Actually in many cases there is 
a reversal of the temperature coefficient at a definite  temperature which 
varies according to the amount of salt and hydrogen ion in the system. 10  SALTING  OUT  OF  GELATIN 
When  conditions are  such that  there  is  considerable gelatin  in  the 
upper layer (5  per cent), an increase in temperature markedly assists 
in salting out.  When there is but a  small amount of gelatin in the 
upper layer (1 per cent) both raising and lowering of temperature may 
~2 
ft. 
Perc enro~te NoCl 
o Composition of one of the liquid phases. 
•  TotM composition of the system. 
Fio. I. Isotherms at 35  ° showing the salting out of aqeuous gelatln by sodium 
chloride into two liquid layers, one isotherm for each concentration of hydrochloric 
acid.  The region to the left represents  insufficient salt for any separation; the 
middle region two liquid layers; and the region to the right excess of salt in solid 
form. 
aid salting out.  A  further increase in temperature may even  cause 
the solution of that separated at a moderate temperature.  Undoubt- 
edly  the  isotherms  for  various  temperatures  are  not  straight  and ~AM~.S  W.  MCBAIN  AND  FREDERICK  KELLOGG  11 
parallel with each other but  exhibit maxima and minima and cross 
each other in a way like those found for globulin, water, and magnes- 
ium sulfate by Galeotti (2). 
Table II gives the analysis of different systems studied using ash- 
free gelatin, sodium chloride, and hydrochloric acid, and Fig. 1 shows 
FIG. 2. Phase  rule  diagram  at  90  °,  potassium  laurate-potassium  chloride- 
water; concentrations are expressed in grams of fatty anhydride and grams of 
potassium chloride per I00 gln. of total system.  The two liquid systems, nigre- 
lye, correspond to the areas in Figs. I and 3. 
the isotherms at 35°C. of the systems containing the same amounts 
of hydrochloric acid.  The~clear region on the left where little  salt 
is present, represents a single isotropic phase.  As the amount of salt 
is increased separation into two isotropic liquid phases occurs which 
would have nearly the same composition if the initial gelatin solution 
used was about 11 per cent.  As more salt is added, the composition 12  SALTING  OTJT OF GELATIN 
and  amount  of  the  two  layers  varies  until  the  solutions  become 
saturated  with  salt.  The  solubility  of  sodium  chloride  in  gelatin 
was  determined only for  an  11  per  cent  gelatin  solution  and  it  is 
assumed that the line AB, extended, to which all the isotherms  are 
extrapolated, is a straight line.  The experimental limits of error are 
indicated by the points which do not quite fall on the curves.  Sys- 
tems set up at the same time check very closely, but systems whose 
history  varies  show  distinct  discrepancies.  Early  work  in  which 
the systems were allowed to stand for the same time show  the most 
marked  differences.  Most  of the work,  however,  was  carried  out 
under the uniformly  prescribed conditions already described.  Possibly 
true equilibria are not fully 'reached but the smoothness and relative 
positions of the curves obtained indicate at least an  approximation 
to  it.  Systems near the conditions necessary just  to  separate into 
two layers are undoubtedly the ones in which exact equilibrium is most 
difficult to obtain,  and in these systems time of  standing is  a  very 
important factor.  It  will be noted that  all right-hand tie lines are 
approximately parallel  to AB, the solubility curve of salt  in gelatine 
and must be so; for if one liquid layer lis just saturated with sodium 
chloride, the other must be so also.  This, as well as the continuity 
of the curves and the parallelism exhibited by the tie lines, confirms 
the essential accuracy of the experimental data.  To the right of AB 
lies the heterogeneous sytem composed of two liquid layers in equi- 
librium with AB, and crystals of salt.  The curves for 2, 5,  7.5,  and 
10 cc. of normal acid form homologous series and the curve for 20 cc. 
acid indicates that a maximum for the  separation of  approximately 
10 per cent gelatin solutions has been reached and passed.  If sodium 
chloride were more soluble it is evident that no acid would be necessary 
for  separation.  Hydrochloric acid  alone  will  not  bring  about  the 
salting out,  nor can the ash-free gelatin be salted out with sodium 
chloride in a solution rendered alkaline with sodium hydroxide. 
The phase rule diagram for potassium laurate-potassium chloride- 
water at 90 ° found by ~IcBain and Field (7) is shown in Fig. 2.  The 
shape and location of the bay bounding the region wherein the two 
isotropic liquid phases, nigre and lye, coexist, strikingly resemble the 
bay found for gelatin-sodium chloride-water.  It is of no great conse- 
quence that  gelatin  itself is  not  a  definite chemical entity because JAMES W. MCBAIN  AND :FREDERICK  KELLOGG  13 
mixtures of soaps likewise yield phase  rule  diagrams which closely 
resemble  those  of  single  soaps  (McBain  (12)).  Obviously  since 
gelatin is so very like soap, as indicated by our diagrams, if anisotropic 
regions  corresponding  to  neat  soap  and  middle  soap  are possible 
t Zd 
~0 
Per~enrogr ~C/- 
o  Composition of one of the liquid phases. 
•  Total composition of the system. 
Fro. 3. Isotherms at 35  ° showing the salt~ng  out of aqueous gelatin  by sodium 
chloride into two liquid  layers, one isotherm for each concentration  of hydro- 
cldoric acid.  The total content of gelatin in the system is widely varied in these 
experiments. 
for gelatin, they must be sought in regions where the concentration of 
gdatin is higher than 40 per cent. 
Fig. 3 shows the differences obtained using widely different initial 
concentrations of gelatin.  At first sight these curves might appear 14  SALTING OUT  OF  GELATII~ 
to belie the applicability of the phase rule, since for any one upper 
or lower layer, the composition of the other ought to be fixed according 
to the phase rule regardless of the relative amounts of the two layers 
in equilibrium.  However, this point cannot be tested fully by these 
particular  data,  because the  acidity of the  solution was  not  kept 
the same for all.  Possibly, due to varying absorption or combination, 
the  relations  between  gelatin,  hydrochloric acid,  and  salt  are  not 
strictly comparable at different concentrations of gelatin.  Chick and 
Martin  (2)  also found that the initial concentration of egg albumin 
influences its  separation and though S6rensen (2) has criticized their 
data  on the grounds that  they did not  allow for the alteration  in 
ammonium sulfate content of the supernatant liquid, the differences 
are too large to be entirely accounted for in this way.  By taking the 
effect of varying amounts of protein on the hydrogen ion concentration 
into account the whole behaviour can probably be accounted for in 
the way here presented. 
SUGARY. 
1.  Conditions under  which gelatin  may  be  salted  out  into  two 
liquid layers at 35 ° were studied. 
2.  The equilibria governing the amounts and composition of the 
layers salted out with sodium chloride are found to accord with the 
requirements of the phase  rule  for the  quaternary  system gelatin- 
sodium chloride-hydrogen ion-water. 
3.  So  far,  soaps and gelatin are  found to  be  surprisingly similar 
in  their  behaviour  and  definite indications are  given  as  to  where 
further similarities may be sought. 
4.  It  is  evident  from  this  work that  the  term  "coagulation"  as 
ordinarily  applied  to  the  salting  out of  proteins  is  definitely  a 
misnomer. 
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